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WE: yITheHeRrEIRNYRERLENRNG, LI %S Delphi i fr 2 K 94 %
(analytic hierarchy process, AHP) #4 & #7 fn 3 & 3t & b1 % g & (SGIV) & 4 oy e iF A,
RNEHEEZITEHETERRZCF INERE FHELEREFRLENR), 5MNENE KR
LA RERN. AREE. FEMEKX R IR f1 20 NgAr B AR B & ki, pH.
BEES AR WERAE. AEREE). BUNERNKGEZREME 6K W={0.129 8,
0.3672, 0.1733, 0.0327, 0.297 1}, 35452 Mo £ & % 2 & 4t (0.248 5). 45371 X 3 X %
T (0.138 4)s kiR (0.112 3)Fn 7578 % & (0.1050) A EE K, H#MENE D&
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G AR R e N o e
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70 90 4EAR, MKMW . EEMH ASEEZI Y T
A U o3 A, TR S BE 5 B 2 4 I
T RAFIROCR . Ak, EWN2EHETER A s
o P PR S B i 22 42 45 D7 T E J| T K AU 437 1
B, WmBom &S mERs . R, Rt 4,
SR shWrgmta e, FE KA S 1A KRS T
fiF e R 3. 7F 21 22 p i, ESMEE TS
A5 RS 341 5 32 R 2K A= Bl e s AR 1A o
QAL YeE 2 fIAE (infektious salmon anaemia. ISA) .
I B PR I I IfILRE (viral hemorrhagic septicemia,
VHS). f& 4% ¥ 5 5 SR F8 9% 3 9 (infection spleen
and kidney necrosis virus, ISKNV). Jiif7 597547
A 1E (epizootic ulcerative syndrome, EUS) ., #3#1 %
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FHWA BRI ES T+ 2Rk AE S g%
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1.1 XEEZEHE

it WU PR R A 73X (D A 18] 47 BRE £ 57
BH . A1 B DR 7 AR DG SCRR R, R
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TR AR (A) B JRURS: PR A HRHE I J2 5 00 (B~
BS). f8FR)Z 20 i (C1~C20) (K 1),
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B 1~9 FREEEE, XTUENZE B AHXT T HAr 20 2
PEUEATET 4y, 1 FORFSEES, 3 RRMMEE,
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T REL A U 118 R — B0 T ) U e — B 1 R A
A, HI DRI A ) gt 2 5 | A 1) R A Il 25
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Fig. 1 Risk index system of grouper iridovirus disease occurrence
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JER Y S8 v B R B R S0 R AF Y SGIV,
S5 FE T4 BE A 1.0x10° TCIDsg/mL, YL 1 1A 52 36 32
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B B RS B A, AR AR P i B TR
B SRRV T B B Y BUPE R P 3 26 S XU
PR 28 0P R 2B SR o AR A B 0 0T R 0 B
TATRAE . A BE A0 S5 R 2 e i) - BV B
W2 R R 28 C . R 15~17 kg/m* AP 805
F 4 1.5x10° TCIDs, & A7 BE 101 T R 95 859 & 9 1Y)
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(GE R ) FI>20 kg/m® (B35 ), WK 28 C,
R EE RN 1.5%10°TCIDsy; #5551 -
1.0x10° TCIDs, (f& ). 1.5x10° TCIDs, (24t
F&) F12.0x10° TCIDs, (7)), RN 28 «C,
BN 15~17 kg/m’, TEIRE N 28 C, HE N
15~17 kg/m® (9 55 144 1 5 [R) 1R BR ol 1 6 % wh ik
(PBS) JE e {4 1 Sy oYL X RRZH g B I L 5
HEEWMEE 7d, BHSGIET- AR IRl
B3RS KRG 7 KA f1 A 2 40 i 7
PR (47 SR K- o

% &% % PCR (qPCR) 43 S A £ A Jel e
FWRREIGIEE 3 K. 28 5 KA 7 KA H RNA $#2 1L
i #] & (SV Total RNA Isolation System, Promega)
B HEFIEAEZHZE RNA, W ReverTra Ace” qPCR
RT Kit (TOYOBO) i & i¥i % 5 RNA k4% ¢cDNA
BEAR o 3 3 qPCR G I Ja% e £ A 21 27 v 11 5 2 4
AR LR VP19 Fl R EEA ST FUSE I MCP 1%
Ko AN AT FH S 4 A QPCR B AR 22 5 2% 51
= A & £ A CEP, qPCRIWIE Applied Bio-
systems Quant Studio 5 ¥¢ ¢ & & PCR {¥ (Thermo,
X H) EER.

EHH BB AR 22 R
B 2 BT SPSS 20 B E 47 B 3R Oy 25 40 Bt
(One-Way ANOVA) #1722 5 i Z M3, P<0.05
YN E N ES-8

2 4R

2.1 MEIEFRERENE

FIFHZ W AT A T A B £ % B Ao e
FIR TR & A RS HE PR IR R, IZS8 AR IR R AT
5ANHENZ (B1~B5) #1120 PR TEFRZE (C1~C20),
T o X o DU R T R, R Saaty® $2
) 1~9 FRBEVE , MRYE L RIWFT o as 5, KN 2
ST ELES, THE R 45 AU 48 A 1) AH G
PO T4 AT, A BRE A0 O 96 70 & 2R KU A
F1%0 4 DT P 45 SR 7, 5 S M DU 2 XU PR 25 R TR
S ] w={0.129 8, 0.3672, 0.1733, 0.0327,
0.297 1}, M, B2 B frm, B4 NERIK (K1),
T B o D) J22 v o B R s A B R TR
o5 FE e e L EE I Z R IR Ak CR=0.059 5<0.1,
T A R LA R P — B, R TS L

®1 ANBUIRHFEHHRLERNGE A BFIEER

Tab.1 Judgment matrix for grouper iridovirus disease risk A

A LR B A U A

risk of grouper iridovirus disease A Bl B2 B3 B4 B> BE W
Bl /KJi  water quality 1 1/3 12 7 1/3 0.129 8
B2 AR HEIRIL  grouper health status 3 1 2 8 2 0.367 2
B3 177 feeding management 2 12 1 6 12 0.173 3
B4 #5420  aquaculture mode 177 1/8 1/6 1 1/7 0.032 7
B5 F#5H3 % aquaculture environment 3 172 2 7 1 0.297 1

E —EMER A, Amax=5.266 8 , CI=0.066 7, RI=1.12(C4%1), CR=0.059 5<0.1, @il
Notes: consistency check shows that imax=5.266 8, CI=0.066 7, RI=1.12 (known), CR=0.059 5 <0.1, passed verification

[vi) R 43 390 g A K 3 XU B, e B AR B XU
B2. RFEAE A B3, FRFEAR K B4 FIFRAE
WK BS IR AR W 4 . B 20, 7EK
5T B1 BYAIWTAE R, BSR4 C1 A R 0.624 0,
A C2 A E A 0.094 6 (3% 2), 7EMEFEAR M B2
0 DR B e, R A G A ORI B CS AN
15 0.676 8, &M HLFEREH C8 MALHE A ik 0.083 4
(3 3)o FEMAFRAT B B3 B9 A0 (v, %50 2% B
CY By AL B 5 0.606 0, & 75 FE M vk it 4= £ C11
AR FAIG 0.077 2 (5 4). FEFRFEAR S B4 B9 K7
HiErp, RO IRA C15 BAE fem 0.557 1,
KIEHFEIE C14 BYAL 8 5 Ik 0.058 2 (& 5). 7EF+
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FEIA BT AR BS B I W40 B vpr 430 X 3 4 0 1%
L C20 A AL T H i 0.466 0, TR A8 Ak (S8R %
IEYC18 BYAIXHA A 0.063 8 (£ 6), H.# 1~6 —
SRS B0 438 AT B

W3R 1~6 BB EERBETEREHET, 1THE
B — 8 bR 2 X i e 2 B ARG SR, B
H¥ & 7). BREHTFE, —8UERRAH,
CR=0. 065 2<0.1, HEHEF —S vkt s imat . 45
REW, Fobw )2 KR R 2 rhoig 5 8y (0.248 5).
FEHH % (0.105 0). /KL (0.112 3) FILRIT X I A&
5 (0.138 4) 4 MEFRAEAAE R B, HEE EANTER
N R 2L TR 5 B3 4 1D e XU, PRI 2%
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Tab.2 Judgment matrix for breeding water quality risk B1

w ﬁ elr ﬁ%ﬁy c1 2 c3 c4 ?{‘ngi
Cl % #4.  dissolved oxygen 1 5 7 5 0.624 0
C2 &% ammonia nitrogen 1/5 1 1/3 1 0.094 6
C3 WHHMRE:  nitrite 1/7 3 1 2 0.1820
C4pHfH pH 1/5 1 12 1 0.099 3
VE —EMERIA !, Amax=42179 , CI=0.072 6, RI=0.89(C.%H), CR=0.081 6<0.1, iEit3HiF
Notes: consistency check shows that imax=4.217 9, CI=0.072 6, R1=0.89 (known), CR=0.081 6<0.1, passed verification
®3 AReBRATKE B2 BYF| BT
Tab.3 Judgment matrix of grouper health risk B2
Reath st cs c c1 cs W
C5 ML RE &Y, iridovirus infection 1 9 7 5 0.676 8
C6 #MH/EH:  bacterial infection 1/9 1 1 2 0.1172
C7 fa itk fish body size 1/7 1 1 2 0.1226
C8 % %J% immunization vaccine 1/5 1/2 1/2 1 0.083 4
E —EMERISAEH, Amax=4.179 8, CI=0.059 9, RI=0.89(T.4%1), CR=0.067 4<0.1, iHidIHilF
Notes: consistency check shows that Amax=4.179 8, CI=0.059 9, R1=0.89 (known), CR=0.067 4<0.1, passed verification
x4 FERAFEENKE B3 B HEERE
Tab.4 Judgment matrix of breeding management risk B3
fcding managemen © a0 cn ci2 W
C9 FRFH#JE  aquaculture density 1 7 7 3 0.606 0
C10 MR L TRL  feeding pellets 1/7 1 1 12 0.090 3
Cl1 MUKt feeding chilled trash fish 1/7 1 1 1/4 0.077 2
C12 #44 (hrAid )  moving fish 1/3 2 4 1 0.226 5
T —EHERIRAH, Amax=4.0502, CI=0.0167, RI=0.89(241), CR=0.0188<0.1, ililIIF
Notes: consistency check shows that Amax=4.050 2, CI=0.016 7, RI=0.89 (known), CR=0.018 8<0.1, passed verification
#5 FEEARKE B4 HYF| B ERE
Tab.5 Judgment matrix of breeding model risk B4
samculure mode o3 esasae
C13 #F L9754  farming in net cage 1 4 1/4 1 0.186 3
Cl14 /KJe#i5#5  farming in cement pond 1/4 1 1/7 1/4 0.058 2
Cl5 EMim it 7754 farming in bottom film high pond 4 7 1 3 0.557 1
C16 +-¥%5%4 farming in earth pond 1 4 13 1 0.198 4
W —EMR A, Amax=4.067 0, CI=0.022 3, RI=0.89(Z.41), CR=0.025 1<0.1, i@ 56
Notes: consistency check shows that imax=4.067 0, CI1=0.022 3, R1=0.89 (known), CR=0.025 1<0.1, passed verification
R o6 FEMERTKE BS HYF|Hi5E M
Tab. 6 Judgment matrix of breeding environment risk BS
aquaclsliu?%e z]—eﬁnfxﬁito}%nrnent C17 Cli8 €19 c20 HW;E
C17 FF4: W SR continuous heavy rain typhoon 1 2 17 1/5 0.092 2
C18 JEAEk (FABEIR)  temperature changing 12 1 1/6 1/5 0.063 8
C19 /KM water temperature 7 6 1 12 0.378 0
C20 AR XM & FtE L incidence in neighboring areas 5 5 2 1 0.466 0

W —EMERIAA N, Amax=4.166 3, CI=0.0554, RI=0.89(C.%1), CR=0.062 3<0.1, #HiLHHIE
Notes: consistency check shows that Amax=4.166 3, CI=0.055 4, RI=0.89 (known), CR=0.062 3<0.1, passed verification
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Tab.7 Total ranking of indicator layer
Bl B2 B3 B4 BS

0.1298 03672 0.1733  0.0327 02971 AMEW
Cl 0.624 0 0.0810
C2  0.0946 0.0123
C3  0.1820 0.0236
C4  0.0993 0.0129
C5 0.676 8 0.2485
C6 0.1172 0.0430
C7 0.122 6 0.0450
C8 0.083 4 0.0306
C9 0.606 0 0.1050
C10 0.090 3 0.0157
Cl1 0.077 2 0.0134
C12 0.226 5 0.0393
C13 0.186 3 0.0061
Cl4 0.058 2 0.0019
C15 0.557 1 0.0182
Cl6 0.198 4 0.0065
C17 0.0922  0.0274
C18 0.0638 0.0189
C19 03780 0.1123
C20 04660 0.1384
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0 1 P 9 7 5 DR SR KO SO B R L AT RO 56
TIE 3% 2 Sl XS PR 28 6 9 0 2 A s i), F SR 44
R, SRR A, B SR &
i RFET RN, 5 7 REFZ13E 60%, MK
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Fig.2 Cumulative mrotality of infected fish under different virus infection dose (a), temperatures (b) and

breeding density (c) conditions in the laboratory
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Fig. 3 Transcription and expression of viral genes in infected fish under different culture conditions in the laboratory

Relative expression of VP19 and MCP at different temperature (a)(b), density (c)(d) and virus dose (e)(f), *. P<0.05
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Mechanism of oligochitosan improving non-specific immunity of
Epinephelus fuscoguttatus (¢)x E. lanceolatu (3)
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(College of Marine Sciences, South China Agricultural University, University Joint Laboratory of Guangdong Province, Hong Kong

and Macao Region on Marine Bioresource Conservation and Exploitation, Guangdong Aquatic Animal Immunity and Health

Aquaculture Engineering Technology Research Center, Guangzhou 510642, China)

Abstract: Singapore grouper iridovirus (SGIV), one of the most important viral pathogens in grouper, has caused
great economic losses to grouper industry. To evaluate the risk of iridovirus disease in grouper aquaculture, a risk
assessment model of grouper iridovirus disease was established using Delphi method and Analytic Hierarchy Pro-
cess (AHP) in this study. The evaluation index system consisted of 1 target level (risk of grouper iridovirus dis-
ease), 5 criterion layers (including water quality, grouper health status, feeding management, aquaculture mode and
aquaculture environment), and 20 risk factors at the index level (including water temperature, pH, dissolved oxy-
gen, ammonia nitrogen, iridovirus infection, bacterial infection, etc.). The weight values of 5 criterion-level risk
factors was W= {0.1298, 0.3672, 0.1733, 0.0327, 0.2971}. The higher weight values of risk factors, including
virus infection(0.248 5), incidence in neighboring areas(0.1384), water temperature(0.112 3) and aquaculture dens-
ity(0.1050), respectively, suggested that these factors might be crucial for the incidence of grouper iridovirus dis-
ease in aquaculture. Consistently, the infection experiments in laboratory confirmed that virus dose, density, and
temperature all significantly affected the virus replication and the mortality of the fish. Thus, it was proposed that
our risk assessment model could be used to assess the risk of iridovirus disease in grouper aquaculture.

Key words: Epinephelus sp.; iridovirus disease; risk assessment model; Delphi method; analytic hierarchy process
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